We present a microwave Fourier transform spectrometer with a coaxial cell in the range from 2 to 4 GHz. The performance is demonstrated by some examples showing the sensitivity and resolution.
Introduction
In the recent years we published different set-ups for microwave Fourier transform (MWFT) spectrometers in the region from 4 to 40 GHz [1] [2] [3] [4] [5] [6] [7] [8] [9] using standard waveguides as sample cells. We proved that MWFT spectroscopy [10] is a powerful tool to investigate rotational spectra as the sensitivity, resolution, and accuracy of the spectrometers are higher than that of Stark spectroscopy [11] , We investigated many molecules. Most of the results were published in Zeitschrift für Naturforschung and Journal of Molecular Spectroscopy from 1979 on.
As the hyperfine structure (hfs) produced by nuclear quadrupole coupling in rotational spectra can be investigated with the most precise results in transitions with low angular momentum quantum numbers J, we decided to extend the range of our spectrometers to frequencies lower than 4 GHz. Especially heavy molecules have low J transitions in that region.
It would have been possible to extend the waveguide technique, but three waveguides R 14 (1.14-1.73 GHz with cross section 16.5 x 8.2 cm), R 32 (2.69-3.95 GHz with 7.2x3.4 cm), and R 22 (1.72-2.61 GHz with 10.9 x 5.4 cm) should be used to work in the fundamental mode H 10 only, which proved necessary in former work. Only with bridge type spectrometers [12] it was possible to use oversized waveguides.
The large cross section of the waveguides (R 22, 59 cm 2 ) would have asked for travelling wave tube amplifiers (TWTA) with an output of the order of 500 W to produce a power density of approximately So we decided to use a coaxial sample cell and coaxial MW parts in our new set-up.
Experimental set-up
In Fig. 1 we present the experimental set-up for the frequency region from 2 to 4 GHz. We intend to follow the same lines for the adjacent lower frequency region.
As the frequency is rather low, we use a synthesizer 1 as a master source, which is by 10 MHz referenced to the normal frequency and time station DCF 77 Mainflingen by the receiver 53 and regulated quartz oscillator 54. All other frequencies of the spectrometer are also referenced to 54. The output frequency of 1 is doubled, 2, band limited, 3, amplified, 4, and divided, 5, to provide the local oscillator frequency v, and after a frequency shift by a single sideband modulator 8 driven by 160 MHz also the polarizing frequency v + 160 MHz or v -60 MHz. This method follows a similar set-up [8] . The polarizing frequency is, by the PIN switch 7, only present when it is necessary to produce the polarizing MW pulses. This reduces interferences. The isolator 6 reduces reflections of 7, especially when it is closed.
The conversion loss of 8 and the insertion loss of the following components 13 to 20 are compensated, and the necessary power for driving the TWTA 21 is provided by the amplifier 12 and adjusted by the attenuator 11. Although the single sideband modulator 8 suppresses the carrier and unwanted sidebands by 15 dB it is useful to insert a digitally driven YIG bandpass filter 13 to avoid polarization with unwanted © CD <D (D Fig. 1 . Experimental set-up of a microwave Fourier transform spectrometer in the range from 2 to 4 GHz using coaxial cells. The arrangement of the cell 24, the limiter 25 and SPDT PIN switch 26 with a termination 27 is a result of a long trial and error procedure. First we enclosed the cell 24 in analogy to our waveguide set-ups with coaxial isolators. We observed variing transient signals of approximately 5 ps decay time not originating from the molecular ensemble. We give an example in Fig. 2 . We traced it finally back to the circulators.
With the present arrangement the polarizing pulse is absorbed sufficiently in the termination 27, which is connected in the period of polarization to the cell 24 by the SPDT PIN switch 26. In the period of transient emission the molecular signal is guided via the PIN switches 26 and 28, the high passfilter 29 and the low noise amplifier 30 to the mixer 38. The PIN switch 28 is an additional protection of the detection system in the period of polarization. The mixer 38 is driven with the doubled frequency of 1, band filtered, 33, and adjusted in power by the attenuator 34, the amplifier 35 and the power meter 37. The intermediate frequency branch starting with amplifier 39 is analogous to our other set-ups.
To reduce further coherent perturbations we switch off by the optional SPDT PIN switch 9 the modulating 160 MHz.
Experimental tests
We tested the spectrometer for sensitivity and resolution. In Fig. 3 The measuring time of the 9.8 • 10 6 experiment cycles was 155 s. This shows that the sensitivity is comparable to the waveguide MWFT spectrometers in the other frequency regions.
In Fig. 4 The Fig. 5 shows the direct /-type transition J = 3 of cyanic acid, HCN, where we are interested in details of the hyperfine splitting [16, 17] . All components can be seen. These recordings promise that the spectrometer will be a useful instrument for problems of rotational spectroscopy.
The given recordings were made with the 5.7 1 cell. The measurements with the cell of 11 1 volume yielded about the same results as far as sensitivity and resolution are concerned, although the cell volume is by a factor two larger. The reasons for this result are not obvious. An important point may be, that the delay time between the end of the MW pulse and the start of the measurement has to be increased for the longer cell, as the transit time for the MW pulse is longer.
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